Two isolates of a novel yeast species were obtained from water tanks (phytotelmata) of the bromeliad Vriesea minarum collected in a tableland ('campo rupestre') ecosystem in Brazil. The sequences of the D1/D2 domains of the large-subunit rRNA gene showed that this species is related to Kazachstania exigua and others, from which it differs by 8-10 nucleotide substitutions. The novel species Kazachstania rupicola sp. nov. is proposed to accommodate these isolates. The type strain is UFMG-BRO-80 T (5CBS 12684 T 5CBMAI 1466 T ).
The water that collects in the leaf rosettes of bromeliads (phytotelmata; literally 'plant ponds') and its accumulated organic detritus is colonized by a diverse biota that includes micro-organisms, insects, small reptiles and amphibians (Benzing, 1990; Araú jo et al., 2012) . Several yeast species have been reported that are associated with these environments. The yeast communities associated with phytotelmata of bromeliads comprise both basidiomycetous and ascomycetous species (Hagler et al., 1993; Landell et al., 2010) . The novel species Candida aechmeae (Metschnikowia clade), Candida bromeliacearum (Phaffomyces/Komagataella clade), Candida ubatubensis (Metschnikowia clade), Candida vriseae (Yamadazyma clade), Cryptococcus bromeliarum (Tremellales clade) and Kazachstania bromeliacearum were described from strains associated with bromeliads in Brazil (Ruivo et al., 2005; Landell et al., 2009 Landell et al., , 2010 Araú jo et al., 2012) . These results show that phytotelmata of bromeliads are rich sources of novel yeast species.
During a study of yeast communities associated with the phytotelmata of the bromeliad Vriesea minarum, we isolated two strains of a novel yeast species. The sequences of the internal transcribed spacer (ITS) regions and D1/D2 domains of the large-subunit rRNA gene showed that these strains belong to the genus Kazachstania. The novel species is related phylogenetically to Kazachstania exigua, K. turicensis, K. wufongensis, K. barnettii and K. bulderi. In this work, we describe this species as Kazachstania rupicola sp. nov.
Samples from phytotelmata were collected from 30 individuals of V. minarum during the rainy season (23 September 2008). The same individuals were sampled in the dry season (1 April 2009). Collections were done in a tableland site (known in Brazil as 'campo rupestre') in the Serra da Piedade region situated at the city of Caeté, Minas Gerais state, Brazil. Campo rupestre vegetation is characterized by a large number of endemic species of plants and animals. Vriesea minarum L. B. Smith (subfamily Tillandsioideae, Bromeliaceae) is endemic to campos rupestres and is found in a vulnerable condition in the Serra da Piedade region (Marques et al., 2012) . V. minarum is terrestrial and rupicolous, living in stony soils and on rocky outcrops of the collection area (Versieux & Wendt, 2007) . The collection sites were located at an altitude of approximately 1600 m. Water samples were collected aseptically with a sterile pipette and transferred to sterile flasks that were transported to the laboratory in ice for processing within 24 h. Aliquots of 0.1 ml of appropriate decimal dilutions were spread on YM agar (yeast extract/ malt extract agar; 1.0 % glucose, 0.5 % peptone, 0.3 % yeast extract, 0.3 % malt extract, 2.0 % agar) supplemented with 0.02 % chloramphenicol and 0.0033 % rose Bengal. The plates were incubated at 25 u C for 3-8 days, after which the different yeast morphotypes were counted and representative colonies were purified on YM agar and maintained on GYMP broth (2 % glucose, 0.5 % yeast extract, 0.5 % malt extract, 0.2 % monosodium phosphate) with 20 % glycerol at 280 u C for later identification. Yeasts were characterized using standard methods .
The ITS region and the D1/D2 domains of the large-subunit rRNA gene of the yeast strains were amplified by PCR directly from whole cells as described previously (Lachance et al., 1999) . Amplified DNA was concentrated and purified on QIAquick PCR columns (Qiagen) and sequenced using an ABI sequencer at the John P. Robarts Research Institute (London, Ontario, Canada). The sequences were assembled, edited and aligned with the program MEGA5 (Tamura et al., 2011) . Phylogenetic placement of the strains was based on a maximum-likelihood analysis of the sequences together with all known sequences of Kazachstania and related Candida species. The stability of the clades was assessed from 100 bootstrap resamplings. Kimura's two-parameter substitution model was used. Variation in evolutionary rates was fitted to a gamma distribution with five categories and a gamma parameter of 0.22. Gapped regions were deleted using the 'partial' option offered by MEGA5. This apparently resulted in the deletion of all ITS and 5.8S rRNA gene sequences, as the maximum-likelihood tree in Fig. 1 is the same as that obtained with the D1/D2 sequences only. The analysis used 522 positions in either case.
Sequence analysis reveals that Kazachstania rupicola sp. nov. is a member of the K. exigua subclade, and its phylogenetically closest relatives are K. barnettii, K. bulderi, K. exigua, K. wufongensis, K. turicensis and three undescribed isolates (Fig. 1) . The novel species differs from K. exigua by nine substitutions in the D1/D2 sequence. K. rupicola sp. nov. differs from other members of the subclade by 8-10 substitutions in the D1/D2 domains. Divergence at the level of the ITS region is considerable (40 or more differences, depending on the alignment). The ITS and D1/D2 and sequences of the two isolates (UFMG-BRO-77 and UFMG-BRO-80 T ) of the novel species were identical. Species of the genus Kazachstania have been isolated from diverse habitats such as soil, leaves, fermented foods, animals, silage, wastewater and water tanks of bromeliads (Vaughan-Martini et al., 2011; Araú jo et al., 2012) . The two strains of K. rupicola sp. nov. were isolated from samples of two bromeliad tanks during the dry season with respective counts of 10 and 200 c.f.u. ml 21 . The samples were collected approximately 5 m from the other. The novel species was a minor component of the yeast communities in the tanks, where basidiomycetous species were predominant. The yeasts found in these samples were Occultifur sp., Cryptococcus podzolicus, Cryptococcus sp., Cryptococcus flavescens, Pseudozyma sp., Meira geulakonigii and Pseudozyma hubeiensis. Phytotelmata have a dynamic influx of diverse invertebrate visitors, some of which are likely to act as vectors of K. rupicola sp. nov.
K. rupicola sp. nov. produced one to four spheroidal ascospores per ascus, produced directly from diploid cells (Fig. 2) . Ascospores of the strains were abundant on V8 agar after 7 days at 25 u C. The growth responses of the novel species are not easily differentiated from those of other members of the K. exigua subclade. Strains of K. rupicola sp. nov. and K. exigua can be distinguished based on growth on ethanol (slow), raffinose and succinate (slow), which are positive for K. exigua and negative for the novel species. K. rupicola sp. nov. can be distinguished from K. turicensis based on growth on D-glucosamine, which is negative for the novel species and positive for K. turicensis. These species can be also distinguished by the fermentation of galactose, sucrose, raffinose (slow) and trehalose (slow), which are positive for K. rupicola sp. nov. and negative for K. turicensis. In relation to K. wufongensis, the novel species differs by growth on 100 mg cycloheximide, acetic acid, DL-lactate (weak) and ethanol (weak), which is positive for K. wufongensis and negative for the novel species. K. barnettii and the novel species can be distinguished based on growth on lactic acid and Dgluconate, which is positive for K. barnettii and negative for K. rupicola sp. nov. K. bulderi has a broader physiological profile than the other species of the K. exigua subclade. However, confirmation of identity based on D1/D2 and/or ITS sequencing is recommended in order to distinguish all these species.
Description of Kazachstania rupicola Safar, Gomes, Rosa & Lachance sp. nov.
Kazachstania rupicola (ru.pi9co.la. L. n. rupes -is a rock, cliff, cavern; L. masc. or fem. suff. -cola inhabitant, dweller; N.L. nom. fem. sing. n. rupicola an inhabitant of or living on rock, referring to the rupestrian habitat of the bromeliad from which the novel species was isolated).
In yeast extract (0.5 %), glucose (2 %) broth after 3 days at 25 u C, cells are ovoid to ellipsoid (2-362-4 mm) and occur singly or in pairs (Fig. 2) . Budding is multilateral. A sediment is formed after a month, but no pellicle is observed. On YM agar after 2 days at 17 uC, colonies are white, convex, smooth and opalescent. In Dalmau plates after 2 weeks on cornmeal agar, pseudohyphae or true hyphae are not formed. Unconjugated asci containing one to four globose ascospores are formed after 7 days on V8 agar at 25 u C. Ascospores are not liberated. Glucose, galactose, trehalose (delayed) and raffinose (delayed when fermented) are fermented. Glucose, galactose, sucrose, trehalose and raffinose (variable) are assimilated. L-Sorbose, maltose, cellobiose, lactose, melibiose, melezitose, inulin, soluble starch, xylose, L-and D-arabinose, D-ribose, L-rhamnose, ethanol, glycerol, erythritol, ribitol, galactitol, D-mannitol, D-glucitol, salicin, D-lactate, succinate, citrate, myo-inositol, methanol, hexadecane, glucosamine, xylitol, acetone, ethylacetate, 2-propanol, D-gluconate and N-acetylglucosamine are not assimilated. Ethylamine, cadaverine, L-lysine, sodium nitrate and sodium nitrite are not assimilated. Growth in the absence of vitamins is negative. Growth is negative at 35 u C and positive at 30 u C. Growth on YM agar with 10 % NaCl is negative. Growth in 50 % glucose/yeast extract (0.5 %) is negative. Starch-like compounds are not produced. Growth on 100 mg cycloheximide ml 21 is negative. Urease activity is negative. Diazonium blue B reaction is negative. Known strains inhabit phytotelmata of bromeliad plants in the south-east of Minas Gerais, Brazil.
The type strain is UFMG-BRO-80 T , isolated from a water tank of the bromeliad Vriesea minarum in Minas Gerais, Brazil. It has been deposited in the collection of the Yeast Division of the Centraalbureau voor Schimmelcultures, Utrecht, Netherlands, as strain CBS 12684 T and in the Brazilian Collection of Environmental and Industrial Microorganisms (Coleção Brasileira de Micro-organismos de Ambiente e Indú stria, CBMAI), Campinas, São Paulo, Brazil, as strain CBMAI 1466 T . The Mycobank number is MB 801741.
